Introduction
============

Hypertension is one of the most important risk factors for cardiovascular diseases such as left heart failure, myocardial infarction, and renal disease. Accordingly, effective management of hypertension can lead to the prevention of damage to major organs. It is also an effective means of slowing the progress of diabetes mellitus and diabetic nephropathies.

ARB/thiazide combination regimen, an antihypertensive agent with improved hypotensive effects, have been accepted as safe in terms of electrolyte imbalance, thanks to its effects in alleviating hydrochlorothiazide-induced hypokalemia. We present two cases of patients in whom improvement of hyponatremia was observed after discontinuation of the ARB/thiazide combination regimen.

Case Report
===========

Case 1
------

A 73-year-old Asian woman presented with progressive general weakness after switching to a different antihypertensive regimen at a local hospital 1 month before. She had been diagnosed with hypertension 20 years previously and diabetes mellitus 10 years later, for which she was taking oral medications consisting of olmesartan medoxomil 40mg qd, aspirin 100mg qd, vildagliptin 50mg qd and atorvastatin 10mg qd; the antihypertensive agent was changed to olmesartan/hydrochlorothiazide 20/12.5 mg qd 1 month before presentation.

On arrival, the patient\'s vital signs were stable, and physical, neurological and radiological examinations were within normal limits with the exception of a decrease in skin turgor. Initial laboratory results were as follows: WBC 6,160/mm^3^, Hb 12.3 g/dL, Hct 35.6%, and Platelet 302,000/mm^3^; Na 115 mmol/L, K 3.9 mmol/L, Cl 83 mmol/L, uric acid 10.0 mg/dL, BUN 15 mg/dL, creatinine 0.5 mg/dL, and serum osmolality 247 mOsm/kg H~2~O; and urine creatinine 65 mg/dL, urine urea nitrogen 620 mg/dL, urine Na 74 mmol/L, and urine osmolarity 596 mOsm/kg H~2~O. The patient\'s blood sugar was 118 mg/dL, and the HbA~1c~ level was 7.6%. Thyroid function test and rapid ACTH stimulation test results were within normal range.

Initial blood tests revealed the presence of hyponatremia with a Na level of 115 mmol/L; blood sugar was 118 mg/dL with serum and urine osmolality at 247 mOsm/kg H~2~O and 596 mOsm/kg H~2~O, respectively, upon which the possibility of hyperglycemia-induced pseudohyponatremia and hyponatremia caused by polydipsia was ruled out. The hypovolemic state and a high urine sodium concentration of 74 mmol/L implied the presence of sodium loss through the kidneys. Endocrine test results revealed no evidence of hypoaldosteronism. The absence of recent vomiting led to the diagnosis of drug-induced hyponatremia.

We initiated treatment for hyponatremia with alteration of the current antihypertensive regimen to olmesartan medoxomil 40 mg qd, in addition to a continuous intravenous infusion of 0.9% NaCl. On the following day, the patient\'s laboratory test results improved to Na 125 mmol/L, serum osmolality 270 mOsm/kg H~2~O, urine osmolality 352 mOsm/kg H~2~O, and urine Na 39 mmol/L. On the second day of admission, 0.9% NaCl infusion was discontinued as we continued observation of the patient. By simply adjusting the antihypertensive regimen, the serum Na level improved substantially to 135 mmol/L, while the patient\'s blood pressure continued to be under control at 120/80 mmHg. The patient\'s symptoms improved remarkably, and she was discharged.

Case 2
------

An 86-year-old Asian woman presented with general weakness which began on the day of presentation. She had been suffering from nausea while working in the fields in hot weather for 1 week prior to admission. The patient had been on losartan potassium/hydrochlorothiazide 50/12.5 mg qd, amlodipine 5mg qd, and aspirin 100 mg for hypertension which had been diagnosed 4 years before.

On arrival, the patient\'s vital signs were stable, and physical, neurological and radiological examinations were within normal limits. Initial laboratory results were as follows: WBC 8,240/mm^3^, Hb 12.4 g/dL, Hct 33.5%, and Platelet 488,000/mm^3^; Na 102 mmol/L, K 3.5 mmol/L, Cl 67 mmol/L, BUN 10 mg/dL, creatinine 0.4 mg/dL, and serum osmolality 223 mOsm/kg H~2~O; and urine creatinine 79 mg/dL, urine urea nitrogen 309 mg/dL, urine Na 79 mmol/L, and urine osmolality 398 mOsm/kg H~2~O. The patient\'s blood sugar was 142 mg/dL, and the HbA~1c~ level was 5.6%. Thyroid function test and rapid ACTH stimulation test results were within normal range.

Initial blood tests revealed the presence of hyponatremia with a Na level of 102 mmol/L, and serum osmolality was also low at 223 mOsm/kg H~2~O. Urine osmolality was 398 mOsm/kg H~2~O, upon which primary polydipsia was ruled out; the patient was hypovolemic, in combination with endocrine test results, implied that the possibility of hypothyroidism, adrenal cortex dysfunction, or SIADH was low. An increased urine Na level of 79 mmol/L and normal aldosterone levels, with no history of vomiting, led to the diagnosis of diuretic-induced hyponatremia.

We changed the patient\'s antihypertensive medication to a single-drug regimen of amlodipine 5mg qd. Hyponatremia was corrected with continuous intravenous infusion of 0.9% NaCl. On the following day, the serum Na level improved to 110 mmol/L; on the second day, it further improved to Na 121 mmol/L, at which point 0.9% NaCl infusion was discontinued.

On the fourth day of admission, the serum Na level and osmolality were substantially recovered to 130 mmol/L and 271 mOsm/kg H~2~O respectively, with urine osmolality of 207 mOsm/kg H~2~O and urine Na of 14 mmol/L. Blood pressure was stable at 120/80 mmHg. The patients\' symptoms showed recovery and she was discharged.

Discussion
==========

Angiotensin II which attaches to AT1 receptors affects vasoconstriction and intravascular volume expansion[@B3]. Olmesartan medoxomil has antagonistic effects specific to AT1 receptors located in vascular tissue[@B4],[@B5]. Losartan potassium, another ARB, is used interchangeably with olmesartan medoxomil as a part of antihypertensive therapy[@B6].

Thiazide diuretics such as hydrochlorothiazide reduce plasma volume by increasing sodium excretion[@B7]. In addition, Kjeldsen et al. suggested that hydrochlorothiazide could activate the RAAS in relation to blood pressure, and thus hydrochlorothiazide in combination with ARB is more effective in lowering blood pressure than existing single-drug regimens[@B8]-[@B10].

According to a study by Neutel et al., dizziness was the single complication with significance that occurred in patients more frequently under olmesartan medoxomil monotherapy than in the control group[@B11]. In addition, Norwood et al. reported that adverse events related to treatment with olmesartan medoxomil were nearly equivalent to those of the placebo group, including headache andinfluenza-like symptoms, while dizziness was found in a higher number of cases[@B12].

In our cases, neither patient complained of dizziness, but did complain of constant general weakness. Metabolic disturbances and electrolyte imbalances including hypokalemia and hyponatremia were reported to be possible side effects of hydrochlorothiazide administration[@B13].

Initial therapy for elderly patients with hypertension begins with diuretics, which effectively reduces the prevalence and mortality of cardiovascular diseases[@B14]. Hyponatremia which was observed in these case reports with initiation of the combination antihypertensive therapy in both patients, seems to have been induced by the use of hydrochlorothiazide. Hyponatremia is an adverse effect of hydrochlorothiazide which is easily overlooked, while greater attention is paid to the prevention of hydrochlorothiazide-induced hypokalemia, as it can lead to sudden cardiac death[@B15],[@B16]. Hyponatremia is often found in the early stages of diuretic therapy[@B17],[@B18]. Kinoshita H et al. reported that hyponatremia was observed as a primary adverse effect in all ARB/thiazide combinations[@B19]. According to a report by Sharabi et al., hyponatremia was observed in 45% of patients 6 months after the initiation of diuretic[@B13]. Thus, continuous monitoring of blood electrolytes is necessary when administering diuretics as an antihypertensive therapy; symptoms such as general weakness or nausea could also be a sign of hyponatremia. Furthermore, usage of low-dose diuretics and constant monitoring of blood sodium level is strongly recommended in elderly female patients, as they are more susceptible to hyponatremia[@B13]. Additionally, in elderly patient with comorbid condition such as diabetes mellitus, telmisartan/hydrochlorothiazide may cause significant hyperkalemia and hyponatremia[@B20].

The patients in this case report presented with general weakness after administration of an ARB/thiazide combination regimen. Both were diagnosed with hyponatremia induced by hydrochlorothiazide; upon alteration of their antihypertensive regimen, blood pressure, blood sodium and osmolality returned to normal levels. We strongly recommend that antihypertensive therapy involving diuretics should always be accompanied by adequate monitoring for hyponatremia, as well as patient education regarding its symptoms and management.
